Urban remnant vegetation, especially where it occurs in public parks, allows for relatively easy access for ongoing biodiversity monitoring. However, relatively little baseline information on bird species distribution and abundance across a range of identifiable urban remnants appears in the published literature. We surveyed the relative abundance and distribution of birds across urban and suburban remnant vegetation in Melbourne, Australia. One hundred and six species were recorded, of which 98 were indigenous. Red wattlebirds had the highest mean relative abundance with 2.94 birds/ ha, followed by rainbow lorikeets (2.51), noisy miners (1.93), brown thornbills (1.75) and spotted doves (0.96). There was no obvious trend between overall relative abundance and the size of the remnant, in contrast to species richness which was positively correlated with remnant size. The data revealed that some species were either totally restricted to, or more abundant in, larger remnants and generally absent from smaller remnants. Some of the more common birds (crimson rosella, superb fairy-wren, spotted pardalote and black-faced cuckoo-shrike) recorded during this study were detected at similar densities to those found in comparable vegetation to the east of Melbourne within a largely forested landscape. Other species occurred at much lower densities (e.g., white-browed scrubwren, brown thornbill, eastern yellow robin and grey fantail) or had habitat requirements or ecological characteristics that could place them at risk of further decline or local extinction in the urban area. We identify a suite of bird species of potential conservation concern within Melbourne's urban landscape. The establishment of repeatable, fixed-point, and long-term monitoring sites will allow for repeat surveying over time and provide an early warning of population declines, or conversely an indication of population increase for other species.
INTRODUCTION
IN response to predictions of future climate change and the potentially significant repercussions this is predicted to have on species populations (e.g., Mac Nally et al. 2009 ), there has been increased interest in tracking changes in species distributions over time as well as assessing the viability of populations at local and landscape scales. In Australia, continental-scale atlases (Blakers et al. 1984; Barrett et al. 2003) and state-based or city-wide surveys (e.g., Aston and Balmford 1978; Woodall, 1995 Woodall, , 2002 Veerman 2003) have documented changes over time in both bird distribution and abundance. These comparisons used a variety of techniques and examined a range of habitats and timescales but did not provide information at a local or patch-level.
Most remnant vegetation patches in urban areas are relatively small compared to those outside of the urban area and many occur within parks and reserves, although significant linear stands can occur along railway corridors, roads and easements. Nonetheless, remnants in urban areas are considered important as they contain species that may not be found in the surrounding urban matrix (Parsons et al. 2003; White et al. 2005) . Urban remnants, and the biodiversity within them, face a number of threats from clearing and fragmentation, weed encroachment, pressures from domestic animals and disturbance from high levels of recreational use (e.g., Densmore and French 2005; Weston et al. 2009 ). On the other hand, there are often considerable resources spent on maintaining or improving vegetation in urban areas. As remnants are both highly identifiable and the majority occur in some form of publicly accessible park or reserve, they allow easy access for ongoing monitoring and may be important for promoting conservation more broadly.
Unfortunately, relatively little baseline information on species distribution and abundance across a wide range of identifiable urban remnants over the same time period appears in the published literature (White et al. 2009 ) (although see Mason 1985; van Polanen Petel and Lill 2004) . Accurate and up to date baseline information is important for documenting the rate and extent of increases or declines of species through time and in response to various management actions or disturbances (e.g., Jones 1983; Recher and Serventy 1991; Keast 1995; Jones and Wieneke 2000; Smith 2002; Recher 2004; Burgin and Saunders 2007; Major and Parsons 2010) . While some bird species in urban areas have shown marked and obvious increases in the last couple of decades (e.g., lorikeets: Fitzsimons et al. 2003; Burgin and Saunders 2007; Smith and Lill 2007) or declines (e.g., grey-crowned babbler: Lockwood and Robinson 1997) , other changes are likely to be more subtle. As urban areas continue to expand, there is an increasing need to monitor biodiversity, We have previously reported a strong correlation between species richness of native birds and remnant vegetation size in urban areas (Palmer et al. 2008 ). This present paper documents the occurrence and abundance of birds in remnant vegetation of Melbourne, a relatively large and expanding city in southeastern Australia. Its purpose is threefold. Firstly, it presents a current analysis of species abundance and distribution in remnant vegetation in Melbourne. Secondly, it analyses whether abundance of birds is correlated with remnant size. Thirdly, it presents site-specific records to enable future research and monitoring of change in distribution and abundance.
METHODS AND STUDY AREA

Study area
Research was conducted in Melbourne, Victoria, Australia (37°50'S, 44°58'E). A wide range of natural vegetation types occurred prior to settlement including forests, woodlands, heathlands, wetlands and grasslands. Remnants of many of these habitats may still be found within parks embedded in the urban matrix. Study sites were located within the urban matrix of the Gippsland Plain bioregion, mainly in the eastern and southeastern suburbs, within a 30 km radius of the Melbourne Central Business District (Fig. 1, Appendix 1) . Thirty-nine remnants were selected based on size and availability and were at least 2 km apart. Remnants were divided into three size-classes -small (1-5 ha) (n = 15), medium (6-15 ha) (n = 14) and large (>15 ha) (n = 10). 
Surveys
Fixed width transects of 1 ha (200 m × 50 m) were used to assess relative abundance and species richness of native and introduced birds. Habitats and transects chosen targeted native terrestrial diurnal species and not aquatic or nocturnal species. While some aquatic species were recorded, it should not be interpreted that the results represent a thorough account of aquatic species in surveyed parks or reserves where aquatic habitats were present. One transect was used to survey small remnants, two transects were used in medium remnants and three transects were used in large remnants. Twenty-minute surveys were conducted during the non-breeding season (April-July) of 2003 and breeding season (October-February) of 2003/04. Each transect was surveyed four times in each season, on different days, between dawn and mid-day during favourable conditions (days of high wind or rain were avoided). Overall relative abundance of each species was calculated by dividing the total number of records by the number of transects and the number of visits. At the remnant scale, relative abundance of each species (expressed as individuals per hectare) was calculated by dividing the total number of records by the number of transects in the remnant and the number of visits.
Data analysis
The relative abundance, species richness and diversity of bird assemblages occurring in remnant size classes were compared using analysis of variance (ANOVA). The SNK multiple range test was used as a post-hoc test to determine where the differences occurred between remnant size classes. Species diversity was calculated using the Shannon Wiener Index. Spearman rank correlation was used to test the relationship between remnant size and the relative abundance and species richness of bird assemblages.
ANOSIM and SIMPER procedures were conducted using PRIMER v 5 software package (Clarke and Gorley 2001) to test for differences in species composition between the three size classes of remnants (i.e., large, medium or small) and to identify the species contributing most to the similarity within each size class of remnant and the dissimilarity between the size classes.
RESULTS
One hundred and six species were recorded in vegetation remnants in urban Melbourne, of which 98 were indigenous, six introduced and two presumed avicultural escapees (Appendix 2). The red wattlebird was recorded in all remnants surveyed, Australian magpie, eastern rosella and rainbow lorikeet in 37 of the 39 remnants, and spotted pardalote, common blackbird and spotted dove in 35-36 remnants (see Appendix 2 for scientific names). In terms of mean relative abundance across all the remnants surveyed, red wattlebird had the highest with 2.94 birds/ha, followed by rainbow lorikeet (2.51), noisy miner (1.93), brown thornbill (1.75) and spotted dove (0.96). Koomba Park had the highest number of species recorded (49), followed by Braeside (48), Gresswell (46), Bungalook (46) and Shepherd's Bush (41). Some small remnants had considerably fewer species recorded, such as Zerbes, Redcourt and Flamingo Reserves (13, 12, 11 species, respectively) (Appendix 2).
Remnants with the highest overall relative abundance of birds were those in Koomba Park (36.85 birds/ha), Bellbird Dell Reserve (33.50), The Grange Reserve and Coomoora Rd Reserve (31.79 each) and Yarraman Creek Reserve (30.21) (Appendix 2). For each of these parks a small number of abundant bird species contributed substantially to the overall bird abundance but the species mix of these abundant birds differed from remnant to remnant (i.e., Bellbird Dell -red wattlebird, brown thornbill; Koomba Park -superb fairywren, white-browed scrubwren, brown thornbill, rainbow lorikeet; The Grange Reserve -little raven, white-plumed honeyeater, white-browed scrubwren; Coomoora Rd Reserve -noisy miner, red wattlebird; and Yarraman Creek Reserve -red wattlebird, noisy miner).
There was no difference in the mean relative abundance of birds between the remnant sizeclasses (F 2,36 = 1.116, p = 0.339) and there was no relationship between relative abundance of birds and remnant size (r = 0.096, p = 0.560; Fig. 2 ). The mean relative abundance of birds was 22.67 birds/ha (sd = 6.81) in large remnants, 24.28 birds/ha (sd = 7.02) in medium remnants and 20.91 birds/ha (sd = 4.37) in small remnants.
There was a significant difference in the richness of bird assemblages between the remnant sizes (F 2,36 = 36.231, p < 0.001), with species richness increasing as remnant size increased (Fig. 2) . Species richness in large remnants was 39.2 species (sd = 8.84) compared to 27.7 species (sd = 4.01) in medium remnants and 18.2 species (sd = 5.22) in small remnants. The positive relationship between species richness and remnant size (r = 0.791, p <0.001) is shown in Fig. 2 .
The diversity of bird assemblages was significantly different between the remnant size classes (F 2,36 = 13.275, p < 0.001). Large remnants supported more diverse bird assemblages (mean H´ = 2.91, sd = 0.35) than medium remnants (mean H´ = 2.76, sd = 0.17) and small remnants (mean H´ = 2.34, sd = 0.34). There were significant differences in the composition of bird assemblages in large remnants when compared to those in small remnants (R = 0.268, p<0.01) and medium remnants (R = 0.387, p<0.01) ( Table 1) . As most species contributing to dissimilarities were observed in all remnant sizes, differences in abundance between different sized remnants were the main drivers of differences in the composition of assemblages between size classes, rather than the presence or absence of individual species (Table 1) .
Some species were far more abundant in large remnants than in small or medium remnants (e.g., rainbow lorikeet, superb fairy-wren, whitebrowed scrubwren and white-plumed honeyeater). Other species were more abundant in small remnants than in large or medium remnants (e.g., noisy miner and eastern rosella). Several species showed no clear trend or were more abundant in medium remnants (e.g., red wattlebird, brown thornbill and striated thornbill). The data revealed that some species were totally restricted to (e.g., crested shrike-tit and rufous whistler) or more abundant in (e.g., striated pardalote, eastern yellow robin and golden whistler) larger remnants. There did not appear to be any species that showed an exclusive preference for either medium or small sized remnants.
Our data indicate that the aggressive noisy miner, which is often regarded as being abundant in fragmented and disturbed landscapes (Catterall 2004) , was widespread across reserves of all size classes and was quite abundant in some of the largest remnants (e.g., Westerfolds Park) as well as within the smaller remnants. The bell miner was relatively uncommon, being only detected at four different sites, three of which were large remnants.
The distribution and abundance of introduced bird species did not show any clear patterns. Although spotted dove occurred at relatively high abundances, the common blackbird, common starling and common myna tended to occur at low to moderate abundances in many remnants, irrespective of their size.
The surveys detected several species that are listed as threatened in Victoria (DSE 2007) , such as the swift parrot, powerful owl and Latham's snipe. These species were typically located at only one or two sites and at very low densities. Our surveys may have under-represented the occurrence of these species, given that many are cryptic and/or require specialized survey techniques (e.g., nocturnal surveys, wetland surveys).
DISCUSSION
This paper documents bird abundance and distribution data for birds in remnant vegetation across a large part of Melbourne. Remnant vegetation in the urban landscape provides valuable habitat for native birds, including a high proportion of the species found in assemblages in large, relatively intact areas of native vegetation in surrounding regions (particularly eucalypt forests and woodlands, e.g., Mac Nally 1996; Hewish et al. 2006; Palmer and Bennett 2006) . The bird assemblages present in remnant vegetation in the urban landscape are known to be influenced by patch size (Palmer et al. 2008) , the composition and arrangement of vegetation (White et al. 2005; Antos et al. 2006; Palmer et al. 2008 ) and the presence of riparian habitats (Palmer et al. 2008) .
The size of a remnant was found to be particularly important for woodland bird diversity with a significant positive correlation with increasing remnant patch size (Palmer et al. 2008) . However, there appeared to be no obvious trend between overall relative abundance and remnant size. This can be explained by the fact that many of the species detected in smaller remnants can often form large feeding flocks around favoured food sources (e.g., red wattlebird, lorikeets), are co-operative breeders that live in family groups (e.g., noisy miner, whitebrowed scrubwren, brown thornbill) or are generally gregarious, at least at certain times of the year (e.g., little raven, common myna). Our findings are in contrast to those of Chiari et al. (2010) who found a significant positive relationship between bird species richness and assemblage abundance for the whole urban area of Florence, Italy. However, Chiari et al. (2010) also found less of a relationship in highly Table 1 . Dissimilarity (%) in assemblage composition between large, medium and small remnants in urban Melbourne. Remnant size: L = large, M = medium, S = small; Results: D = average dissimilarity, C = contribution percentage. The most widely distributed species found in our survey are similar to those found by van Polanen Petel and Lill (2004) in Melbourne remnants (i.e., red wattlebird, Australian magpie, eastern rosella, rainbow lorikeet), although we found spotted pardalotes to be much more widely distributed. Likewise red wattlebird, noisy miner, brown thornbill and spotted dove were on average the most abundant in our study and van Polanen Petel and Lill's (2004) study (although a number of these species were recorded in higher abundances in some remnants in the latter study; whereas we recorded significantly higher relative abundances of rainbow lorikeets). The relative abundance of musk lorikeets (0.68 birds/ha) was lower than that in a previous study of lorikeets in Melbourne in 2002 where this species averaged 1.56 birds/ha in urban remnants (Fitzsimons et al. 2003) . The seasonal variation in presence and abundance of this species is further demonstrated by the findings of van Polanen Petel and Lill (2004) of it only occurring in one remnant in the 1999-2000 breeding season (1 bird/ha). However, rainbow lorikeets were found to be slightly more abundant in the present study (2.5 birds/ha) compared with that of Fitzsimons et al. (2003) Some of the more common woodland birds encountered during this study were detected at similar abundances to those in comparable vegetation to the east of Melbourne within a largely forested landscape (Palmer and Bennett 2006; Palmer 2007) . These included species such as the crimson rosella, superb fairy-wren, spotted pardalote and black-faced cuckoo-shrike. Others occurred at much lower abundances. For instance, our study detected much lower abundances than the riparian sites of Palmer and Bennett (2006) of white-browed scrubwrens (0.8 vs. 2.75 birds/ha), brown thornbills (1.75 vs. 5.61 birds/ha), eastern yellow robins (0.1 vs. 0.98 birds/ha) and grey fantails (0.18 vs. 1.84 birds/ ha). One of the few species that occurred at higher densities within our urban remnants was the grey butcherbird, a nest predator, at a mean density of 0.44 birds/ha compared with 0.03 birds/ha in sites examined by Palmer and Bennett (2006) .
Although our survey detected a rich bird assemblage within the urban area with over 100 species recorded, the data also revealed that some species were either very rare or absent, despite the presence of apparently suitable habitat. Some of the species that appeared to be under-represented within urban remnants include the cuckoos (only one remnant had more than one species), some migratory species, such as the sacred kingfisher and rufous whistler, robins (scarlet and eastern yellow) and many of the honeyeaters (e.g., yellow-faced, white-eared, white-naped). Species that forage on bark and tree trunks (crested shrike-tit, white-throated treecreeper, varied sittella) were recorded in a small number of remnants despite the presence of apparently suitable habitat in the majority of sites. Some of these species groups have been shown to be susceptible to habitat fragmentation in other areas of Australia or overseas (Ambuel and Temple 1983; Walters et al. 1999 ). It may therefore be possible that some of these species will be lost from urban remnants with time even though habitat quality is maintained.
Historical records indicate that a number of species that were formerly recorded within the greater Melbourne area are now either regionally extinct or very scarce. These include species such as the king quail, ground parrot, regent honeyeater and grey-crowned babbler (Wheelwright 1861; Chisholm 1942 Chisholm , 1943 Chisholm , 1949 Ward 1966; Norris et al. 1995) . Our study found a range of species to be rare within the urban remnants; some of these remain common and widespread in adjoining areas (e.g., Palmer and Bennett 2006; Palmer 2007) , while others have experienced significant declines in southeastern Australia (Barrett et al. 2003) . We believe several species may be at risk from further decline and local extinction within the urban area because they display a range of characteristics that put them at higher risk, including: occupation of a small number of remnants; being confined to the larger patches of remnant vegetation in the urban landscape; have undergone declines elsewhere in their range; and, have ecological requirements that make them vulnerable to decline in the urban landscape (e.g., bark foragers and ground-nesting birds) ( Table 2 ).
Many urban areas have a range of historical records, publications and studies which document the flora and fauna and allow for some assessment of the changes that have occurred over time. However, in the case of Melbourne, many of these mostly relate to the presence or absence of species rather than relative abundance and they can lack precise location information (e.g., Warringal Conservation Society 1981; Norris et al. 1995; Kloot 2000) . By gathering data on the relative abundance of species from defined localities using standardized methods, quantitative assessments of change can be made. We advocate the establishment of repeatable, fixed-point, long-term monitoring sites such as those initiated by Birds Australia's Atlassing project (Anon. 2008 ) which will allow for repeat surveying over time by different observers while allowing public access to the data. Such data will allow a better understanding of whether certain species are continuing to decline and whether other species (e.g., crested pigeon, red-rumped parrot) are increasing in numbers.
and monitoring to help better understand the impacts of urbanization on biodiversity as well as other ecological processes. As remnants within urban areas are often subject to a wide range of environmental pressures and changes that can occur within comparatively short time frames, and because they can support diverse assemblages of native fauna, they require careful management. This is particularly true for Melbourne, a city with over 4 million residents but also now the most rapidly growing in Australia (Colebatch 2010). To effectively manage such areas, knowledge of the presence and abundance of flora and fauna species and how these respond to environmental pressures and management actions is necessary. We present a tangible example of how this can be achieved over a large geographic area using birds, a taxonomic group widely regarded as good potential environmental indicators (Pearson 1995) . Ease of access, close proximity to a pool of professional and volunteer surveyors and a diversity of suitable study species make urban remnants especially suited to long term study 
